ABSTRACT Within-plant height (leaf position) of European corn borer, Ostrinia nubilalis (Hü bner) egg masses were analyzed in four sweet corn hybrids planted across four planting dates from 1994 to 1996. From the Þve-leaf to 15-leaf vegetative stages, the mean leaf position of an egg mass was typically at the midpoint of available (nonsenescent) leaves. The mean leaf position of egg masses gradually increased from early to late leaf stages as new leaves were added, and continued to increase during the Þrst reproductive stage (green tassel). The increase in vertical position during vegetative stages was modeled as y ϭ Ϫ0.766 ϩ 0.653(x), where y ϭ nodal leaf position, and x ϭ total leaves expanded (r 2 ϭ 0.94). However, when the mean egg mass position was expressed as the mean position within available (expanded and nonsenescent) leaves, no relationship was found. These data indicate that during vegetative stages the mean egg mass position increases relative to ground level, but remains near the midpoint of available (nonsenescent) leaves. Mean egg position during the next four reproductive stages (anthesis, green silk, brown silk, and postharvest) stabilized at ear height, or within the immediate two leaf positions above the ear. The distributions of egg masses among leaf positions during the vegetative and reproductive stages generally exhibited normal distributions: where sample sizes were sufÞcient, 80% (17/21) of the comparisons (having sufÞcient sample sizes) did not deviate from normality. This study represents the most detailed examination to date on vertical distribution of European corn borer egg masses in corn. Implications of the study in ovipositional ecology and pest management are discussed.
THE EUROPEAN CORN borer, Ostrinia nubilalis (Hü bner), tends to oviposit within certain regions on the corn plant. Egg masses tend to be laid near the ear zone during the reproductive stages of corn. Sorenson et al. (1993) found that 89% of the masses were found on the four leaves just below the ear of Þeld corn. Coll and Botrell (1991) found similar results, with 77% of the eggs being found on the middle third of the plant that contained the ear. Windels and Chiang (1975) found 43% of the masses were laid on the region near the ear leaf plus the leaves directly above and below. Finally, Mason et al. (1996) reported similar results in sweet corn, except that most of the eggs (89%) occurred on the ear leaf and the three leaves immediately above the ear, which was slightly higher relative to the ear, than shown by other studies with Þeld corn plants. Thus, in general, during reproductive stages females tend to lay eggs within the three leaves above and below the ear zone. Furthermore, studies have shown that masses appear to be normally distributed around the ear zone (Calvin et al. 1986 , Mason et al. 1996 or around the middle leaf (Hü ber et al. 1928) .
Fewer studies have examined vertical egg mass distribution during vegetative stages. In sweet corn, Shelton et al. (1986) found no eggs above the Þfth leaf during vegetative stages. In Þeld corn, Despins and Roberts (1986) found that 82% of the eggs were laid on leaves 1 (ϭbottom) through 4, even though as many as 15 leaves were available. These egg masses appeared normally distributed around a central leaf, and indicate that eggs are laid in the lower portion of the corn plant.
The above studies suggest that European corn borer females deposit their egg masses in a normal distribution around a focal point in the middle of the corn plant. In addition, they suggest that during vegetative stages, females deposit eggs on the bottom Þve leaves. Although these studies are relatively consistent in results, they are limited in scope because they either represent egg mass distribution during a very short period of plant growth or they represent combined data from several plant growth stages. Thus, they do not give a detailed view of how vertical distribution of egg masses change as the plants grow and mature.
A better understanding of the vertical distribution of European corn borer egg masses has implications for research on ovipositional ecology of European corn borer and its management. First, because chemical ovipositional stimulants for European corn borer have been identiÞed (Derridj et al. 1986 ), identifying what regions of the corn plant in which a female chooses to oviposit, and how this changes with time, may lead to research that identiÞes the chemical component(s) that are causing that differential oviposition. Second, use of biological control agents directed against the eggs (e.g., Trichogramma spp.; Losey et al. 1995 , Mertz et al. 1995 ) depends on accurate release of the biological, therefore identifying more clearly those release points might lead to more effective biological control.
This research provides the most detailed study to date of vertical distribution of European corn borer on corn plants as they progress through their growth stages. The overall objective of this study was to provide a detailed view of how vertical distribution of egg masses changes as the sweet corn plant grows and matures. More speciÞc objectives were to determine the mean European corn borer egg mass position on four sweet corn hybrids relative to growth stages from Þve-leaf through postharvest stages, determine the mean egg mass position relative to ear position during reproductive stages, and determine whether the distributions deviated from normality.
Materials and Methods
Field Studies. All Þeld studies were conducted at the Russell E. Larsen Research Farm, located Ϸ16 km east of University Park, PA. The soils at the site are composed mostly of Hagerstown silt loam soils.
During 1994 Ð1996, a range of planting dates were designed to give a wide array of interactions between crop growth and European corn borer life stages. Rather than choosing the same hybrid and planting date over the period of this study, this range of treatments (hybrids, planting dates) were chosen to speciÞcally develop more robust modes that could serve a wide range of conditions. In 1994, a 0.40-ha (1-acre) Þeld, previously in alfalfa in 1993, was used for four successive planting dates (5 May, 1 June 20 June, and 8 July) of a 78-d, intermediate-stature, sweet corn hybrid (Rogers NK Krispy King); and one planting date (5 May) of a 118-d Þeld corn hybrid (Doeblers Ј82 ϫ PЈ). Plots were arranged in a randomized complete block design, with planting date treatments blocked four times. Each plot was 10 ϫ 10 m, with 12 rows spaced 76 cm (30 inches) apart.
In 1995, the same 0.40-ha Þeld was used, plus an adjacent 0.40-ha Þeld that had previously been in alfalfa. This experiment included four planting dates (28 April, 22 May, 7 June, and 3 July) of a 67-d, short-stature, sweet corn (Rogers NK Kandy Kwik), four planting dates (28 April, 22 May, 7 June, and 3 July) of an 88-d, tall-stature, sweet corn (Rogers NK ЈSilver QueenЈ), and one planting date (22 May) of a Þeld corn hybrid (Doeblers Ј82 ϫ PЈ ). These sweet corn hybrids with widely differing maturity ranges were chosen to give a wider range of growth stages for European corn borer oviposition during the experiment than in 1994. Plot dimensions and plant spacing were similar to those used in 1994. The Þeld was arranged as a split-plot design, with planting date as the main plot effect, and hybrid as the subplot effect. The experiment consisted of four blocks. Because the Þeld corn was planted only on the second planting date, the experiment was technically an incomplete split-plot design. To avoid confounding of these 1995 treatments because of different cropping histories, two of the blocks were positioned in the Þeld which had been in corn in 1994, and two were in the Þeld which had been in alfalfa in 1994. The subplot dimensions and plant densities were the same as the plots in 1994.
In 1996, the same 0.4-ha Þeld was used that had previously been in alfalfa in 1994 and followed by corn in 1995. The experiment contained four planting dates (13 April, 25 April, 20 May, and 4 June) of a 78-d, intermediate-stature, sweet corn (Rogers NK ЈPrime-timeЈ) in a randomized complete block design. These were earlier planting dates than in 1994 Ð1995, and they were chosen as an attempt to get greater oviposition during June. Plots were arranged in a randomized complete block design, with treatments (planting date) blocked four times. Each plot was 12 ϫ 12 m, with 16 rows spaced 76 cm (30 inches) apart. Field corn was not planted in 1996, partly to save time, and partly because it had been sufÞciently examined in 1994 Ð1995.
To manage weeds, all plots were treated with various herbicides at labeled rates, and cultivated as necessary. In 1994, herbicides were applied on 2 May (EPTC ϩ metolachlor) and 10 June (nicosulfuron and nonionic surfactant). In 1995, they were applied on 3 May (metolachlor 35.3%/atrazine 17.4% ϩ metolachlor). In 1996, they were applied on 25 April (atrazine ϩ simazine ϩ metolachlor) and 6 June (nicosulfuron). In plots that were in corn the previous year, a soil insecticide with no systemic activity (teßuthrin) was used at the labeled rate at planting time to prevent injury from corn rootworm (Diabrotica virgifera virgifera Lec. and Diabrotica longicornis barberi Smith & Lawrence), as well as black cutworm [Agrotis ipsilon (Hufnagel)]. To prevent frost damage, all plots planted before May were covered with a spun-bonded polyester row cover (Zimmerman Irrigation, Mifßinburg, PA) until the three-leaf stage.
Ten successive plants in two rows of each plot (20 total plants/plot) were ßagged and searched twice weekly for egg masses beginning at the three-leaf stage, and continuing until senescence (1994 Ð1995) or harvest (1996) . Every new egg mass encountered was marked, allowing masses on a plant to be consecutively numbered over the entire season. The date, plot, plant number, plant growth stage, and vertical location on the plant (leaf number from bottom) were recorded.
Growth stages were estimated by observing Þve plants within each plot, one to two times per week. Stages were estimated as follows: vegetative or leaf stages (number of leaves showing at least 1 cm of tissue), green tassel (tassel tissue apparent from above the plant, until anthesis), anthesis (pollen shed), green silk (silks apparent), and brown silk (silks pollinated and senescing) for sweet and Þeld corn. After these stages, postharvest (after primary ear was removed) and senescence were noted for sweet corn, and milk/dough stages were noted for Þeld corn (Ritchie et al. 1992) . Senescent leaves on a plant (1995Ð1996 only) were deÞned as those showing at least 50% browning, and a senescent plant was deÞned as having 50% of its leaves as senescent.
Statistical Analyses. Data from all hybrids and planting dates were pooled across all years for analysis of vegetative-stage data. The data for all four planting dates within a hybrid were pooled for reproductive stage data. To test for normality of vertical distribution of egg masses (chapter 4), the ShapiroÐWilks statistic was used (Zar 1974 , SAS Institute 1985 . The statistic W in this test examined for departure from normality. It ranges from 0 to 1, with one being a perfectly normal distribution. TableCurve 2D (SPSS 1996) was used to produce simple linear regressions of the changing egg mass position as the sweet corn plants added leaves during their development.
Results
Egg Mass Positions. The vertical distribution of egg masses during vegetative stages (Þve-to 15-leaf) are shown in Table 1 . Very few masses were found during the Þve-through seven-leaf stages. Greater numbers of egg masses (17Ð79) were observed during leaf stages 8 Ð15 (except for the 11-leaf stage, when only four masses were found). Across all stages mentioned, the mean leaf position of egg masses tended to be at about the midpoint of available leaves (those deÞned as having at least 1 cm emerged, and excluding the bottom senescent leaves). For example, at the eightleaf stage, the mean leaf position was 4.2, at the 10-leaf stage the mean position was 6.3, at the 13-leaf stage the mean position was 7.1, and at the 15-leaf stage the mean position was 10.6. Thus, the mean leaf position of the masses tended to continuously rise as the plants progressed from leaf stages 5 through 15, with a focal point around the midpoint of available leaves (Table  1) .
Vertical egg mass distributions during reproductive stages are shown for the four sweet corn hybrids in Tables 2Ð5. The mean egg mass position for the hybrid Krispy King was 8.7 during green tassel, then increased to 10.4 at anthesis, or at the ear position (leaves 10 Ð11) ( Table 2 ). The mean egg mass position then stabilized at Ϸ10 during the green silk (10.3), brown silk (10.4), and postharvest (9.8) stages, which corresponded approximately to the ear position (Table 2 ). For the hybrid Kandy Kwik, the mean position was at the ear height (7.3) at green tassel, and from anthesis to brown silk, the mean egg mass position ranged from 9.0 to 9.8, which was one to two leaves above the ear zone (leaves 7Ð 8; Table 3 ). Egg mass distributions for Silver Queen (Table 4) and Primetime (Table 5) showed similar results to Kandy Kwik (Table 3) in that the mean egg mass position stabilized at one to two leaves above the ear zone. For Silver Queen (primary ears at leaves 11Ð12) the mean position was 11.2 at green tassel, 12.6 at anthesis, 13.5 at green silk, 13.5 at brown silk, and Þnally 13.9 at postharvest (Table 4) . Primetime (primary ears at leaves 10 Ð11) showed similar results, with the mean position of egg mass at position 10 Ð12 during green tassel, anthesis, green silk, and brown silk (Table 5 ). In summary, during reproductive stages, mean egg mass position in the four hybrids (Tables 2Ð5) stabilized near the ear zone or one to two leaves above from anthesis through brown silk or postharvest stages. Figure 1a demonstrates that egg mass position increases as new leaves are added to the plant during growth. This increase in vertical position relative to ground level was modeled as the simple linear regression y ϭ Ϫ0.766 ϩ 0.653(x), where y ϭ nodal leaf position of egg mass relative to ground level, and x ϭ total leaves expanded (F ϭ 157.4; df ϭ 1, 8; P ϭ 0.0000001; r 2 ϭ 0.95). However, when the mean egg mass position was expressed as the position of available (expanded and nonsenescent) leaves, no relationship was found (r 2 ϭ 0.22; F ϭ 2.2; df ϭ 1, 8; P ϭ 0.17; Fig.  1b ). These data indicate that during vegetative stages the mean egg mass position increases in a predictable manner relative to ground level, but remains at the midpoint of available leaves.
Normality of Distributions. The statistics for normality tests (W) conducted for egg masses during the vegetative stages are shown in Table 1 . From leaf stages 8 through 15, and with a reasonable sample size (three stages: Þve-leaf, seven-leaf, and 11-leaf, had very few observations, three, six, and four, respectively), six of the seven distributions did not signiÞcantly deviate from normality (null hypothesis not rejected). These seven had reasonably large sample sizes, ranging from 17 to 79 (Fig. 1) . These results suggest that females tend to lay eggs in a normal distribution around the middle of available leaves during each vegetative stage.
During the reproductive stages, normality was not rejected for 11 of the 18 vertical egg mass distributions (Tables 2Ð5; P ϭ 0.05). For the hybrid Krispy King, the egg mass distributions did not deviate from normality for green tassel, green silk, and brown silk. Only the distribution at anthesis deviated from normality (Table 2). Similarly, distributions of three of the four reproductive stages for Kandy Kwik did not deviate from normality, with only the brown silk stage deviating from normality (Table 3) . Four out of Þve of the reproductive stages of Silver Queen ( Table 4 ) had distributions that did not deviate from normality. In contrast, distributions of all four reproductive stages of Primetime (Table 5 ) signiÞcantly deviated from normality. These deviations from normality for Primetime were associated with low sample size (4 Ð21; mean ϭ 11.0). In contrast, the distributions for the other three hybrids in which 11 of the 14 distributions did not deviate from normality (P ϭ 0.05; Tables 2Ð 4) , had much larger sample sizes, ranging from 14 to 128 (mean ϭ 62.1). In summary, the vertical distribution of egg masses during reproductive sweet corn stages were typically normally distributed, as they were in vegetative stages when sample sizes were sufÞciently large: 17 of the 21 valid comparisons (where sample size was sufÞcient, i.e., excluding Primetime; Table 5 ), or 80%, did not deviate from normality.
Discussion
Similar to published studies (Windels and Chiang 1975 , Calvin et al. 1986 , Coll and Botrell 1991 , Sorenson et al. 1993 , Mason et al. 1996 , we found that European corn borer egg masses on reproductive-stage corn plants tend to be laid in a normally distributed manner Table 3 . Vertical distribution of European corn borer egg masses by leaf position on reproductive stages of Kandy Kwik sweet corn in 1995 (see Table 2 L7 and L8 comprised the ear zone. Ñ ϭ No leaves were present. 0 ϭ No eggs were found. Table 4 . Vertical distribution of European corn borer egg masses by leaf position on reproductive stages of Silver Queen sweet corn in 1995 (see Table 2 (Tables 2Ð5) . During vegetative stages, however, our results seem to differ somewhat from other research. In a 2-yr study in Þeld corn, Despins and Roberts (1986) found that late in the Þrst generation European corn borer ovipositional period, there was a preference for the lower region of the plant (leaf positions 1 through 6), even though as many as 15 total leaves were available at later times. In contrast, our results indicate that in sweet corn eggs are laid at about the midpoint of available leaves (i.e., excluding senecent leaves) during vegetative stages (Table 1) . Previous work in Þeld corn has found that, during reproductive stages, 72% of European corn borer eggs are laid on the leaf containing the ear, plus the next three leaves below the ear (Sorenson et al. 1993) . Other work in Þeld corn indicated that the primary leaf containing the ear, plus the leaf immediately above and below, contained 43% of the eggs (Windels and Chiang 1975) . In contrast, our work in sweet corn, as well as that of Mason et al. (1996) , indicated that most eggs are deposited at, or one to two leaves above, the ear zone (Tables 2Ð5). Thus, it appears that European corn borer lays its eggs in higher positions, relative to the ear, in sweet corn compared with Þeld corn. It could be that more leaves are available for oviposition at positions below the ear on Þeld corn compared with sweet corn, resulting in lower egg mass position on Þeld corn. It appeared that, in these sweet corn hybrids examined, leaf senescence, which was often as high as the ear leaf, appeared to continually move the distribution higher (Tables 2Ð5). In contrast, Þeld corn has less senescence, often retaining its leaves until late in the growing season (D.D.C., unpublished data).
Our results generally agree with the results of the studies just discussed: eggs are laid at the midpoint of available leaves or in the ear zone, and they are typically laid in a normal fashion around the middle point. This research, however, has expanded on these results: (1) these patterns occur for both vegetative and reproductive stages, (2) these patterns occur as the plants proceed through their phenological development, and (3) these patterns occur across a wide range of hybrids.
Chemical composition of plant tissue of certain regions of the plant might be involved in inßuencing females to select these regions as oviposition sites, in addition to factors such as temperature, light, humidity, leaf toughness, and predator/parasite avoidance. Udayagiri and Mason (1995) found that pentane extracts from tissue homogenates of corn, potato, and pepper stimulated European corn borer oviposition. Furthermore, plants containing extracts from corn plants at middle growth stages (early whorl and tassel) received more egg masses than those at very early (two-leaf) or very late (blister) stages. Researchers in Europe (Derridj et al. 1986 ) have positively correlated oviposition with the presence of carbohydrates on the Table 2 plant leaf surface. Because these studies indicate that female oviposition is inßuenced by plant stages, it also seems logical that similar mechanisms may be operating to inßuence ovipositional site within the plant. We suggest that vertical egg placement may also be inßuenced by different levels of chemicals within the plant which stimulate oviposition. Another implication of this work is the relationship between oviposition sites and subsequent larval feeding sites. SpeciÞcally, it would be adaptive for females to choose within-plant oviposition sites where their larval progeny are likely to feed. Thus, one hypothesis is that the vertical distribution of egg masses on a plant is very similar to the subsequent vertical distribution of larval feeding sites. As Udayagiri and Mason (1995) state, female European corn borer may be using chemical stimuli to recognize different host plants suitable for larval development. Similarly, females may be using chemical stimuli from certain regions of the plant to recognize optimal feeding sites for their larvae within the plant.
This study also has implications in biological control of European corn borer in sweet corn. Effective use of biological control deepends partly on accurate release of the biological agents (e.g., Trichogramma spp.; Losey et al. 1995 , Mertz et al. 1995 , therefore identifying more clearly those release points might lead to more effective biological control. There has been recent interest in the inundative release of Trichogramma spp. for controlling egg stage European corn borer in sweet corn (Losey et al. 1995; Mertz et al. 1995) . Our results suggest that the most appropriate placement for releasing the Trichogramma wasps in these programs would be closest to the plant regions where eggs are being laid.
